The cytotoxic activities of the diterpene kaurenoic acid (1) and its 15 semi-synthesis derivatives were assessed on human cell cultures. The human tumor cells used comprised colon (SW620 and SW480), pancreatic (PANC-1 and BxPC-3), stomach (SGC-7901), esophageal (Eca-109), and leukemia (K562 and HL-60). Kaurenoic acid was inactive against the tumor cell lines; however, its derivatives which contain α,β-unsaturated ketone rendered compounds with cytotoxic activity. Compounds 5-14, 17-19, and 24 with a substitution at the C-4 position showed significant inhibitory activity against the tested cell lines, while compound 3, without a substitution at the C-4 position, was slightly less active in these cell lines. The SW620 colon cancer cell was highly susceptible to all of the tested derivatives.
Kaurenoic acid (1) [1, 2] is one of the active constituents in Wedelia prostrata (Hook. et Arn.) Hemsl. (Asteraceae) [3] , a traditional Chinese herbal medicine [4] . It is an ent-kaurane diterpenoid [5] , which is claimed to have important biological activities, mainly antimicrobial [6] , antibacterial [7] , cytotoxic [8, 9] , anti-inflammatory [10] , and anticonvulsant properties [11] . In the present paper, we describe the semi-synthesis of kaurenoic acid derivatives and their preliminary cytotoxic activities. A conversion of the 15-hydroxy group of kaurenoic acid to a ketone is made in order to incorporate an α,β-unsaturated ketone into the ent-kaurane skeleton. It is well know that a main structural determinant for cytotoxicity is present in an α,β-unsaturated ketone system [12, 13] , which likely serves as an alkylating center and can be part of an ester, ketone, or lactone moiety. We also report several transformations on the carboxylic acid group at the C-4 position. Compound 2 was obtained from 1 after treatment with SeO 2 /t-BuOOH in THF. Oxidation of the 15-hydroxy group of compound 2 using PDC produced α,β-unsaturated ketone 3 ( Fig. 1 Fig. 1 ). Compound 3 has been reported previously [14] , while the 14 derivatives (5-14, 17-19, 24) were reported here for the first time. The structures of the derivatives were confirmed by 1 H-NMR, 13 C-NMR, IR, HR-MS, EI-MS, and ESI-MS data (see Supporting Information). The cytotoxic activities of compound 1 and its 15 semi-synthesis derivatives were assessed on eight human cell lines (l " Table 1 ).
The results of the cytotoxicity assays indicated that compound 1, without the α,β-unsaturated ketone, was inactive, while the 15 derivatives, which do contain this moiety, were active against all or some of the cell lines. Thus, as proposed in the literature [12, 13] , the α,β-unsaturated ketone is the active center, possibly acting as an alkylation site. Compound 3 without a substitution at the C-4 position had moderate activities to SGC-7901 and K562 with IC 50 values ranging from 7.37 to 7.53 µM, while compounds 5-14, 17-19, and 24 with a substitution at the C-4 position showed stronger inhibitory activity than compound 3 to those tumor cell lines with IC 50 values ranging from 0.25 to 2.47 µM. This indicated that the substitution of the acid moiety at the C-4 position led to significant changes in the cytotoxic activity. Compounds 5-7 with amide groups at C-4 displayed more potent cytotoxicity than compounds 11-14 with ester groups at C-4 against the K562 cell line but were less potent to the SGC-7901 cell line. Meanwhile, compounds 11-14 with only ester groups at C-4 showed higher cytotoxic activity than compounds 17-19 with piperidine groups conjunct to them at C-4 to SGC-7901. Therefore, different kinds of substituted groups would cause different effects to different cell lines. The cytotoxicity of compounds 11-13 with ethyl, propyl, and butyl ester groups at C-4 implied that the elongated aliphatic chain length did not influ- Letter THIEME ence their activities. This was yet again evidenced by the cytotoxicity of compounds 17-19 with piperdinethyl, piperdinepropyl, and piperdinebutyl ester groups at the C-4 position. The activity of compounds 11 and 24 indicated that inversion of the ester bond had little affect on the activity. The SW620 colon cancer cell was highly susceptible to all tested derivatives, and the standard deviation of their average IC 50 from compound 3 to compound 24 was 0.16 µM.
This semi-synthesis of kaurenoic acid derivatives has revealed several compounds with increased cytotoxic activity. Further studies are required to lower toxicity against normal cells and enhance the effect against cancer cell lines. Fig. 1) ] was isolated from the mangrove-associated plant of W. prostrata as previously described [3] . General: IR spectra were measured on a Nicolet FT-IR spectrometer with KBr pellets. 1 H-NMR and 13 The MTT assay was performed in 96-well plates. Test cells at the log phase of their growth cycle (3 × 10 4 cell/mL) were added to each well (100 µL/well), then treated in three replicates at various concentrations of the samples (0.1-100 µg/mL), and incubated for 24 h at 37°C in a humidified atmosphere of 5 % CO 2 . After 48 h, 20 µL of MTT solution (5 mg/mL) per well were added to each cultured medium, which were then incubated for a further 4 h. Then, DMSO was added to each well (150 µL/well). After 15 min at room temperature, the OD of each well was measured on a microplate reader at a wavelength of 570 nm. IC 50 values were obtained by a linear regression analysis of percent absorbance versus log drug concentration.
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